I investigate the relationship between faster-than-light travel and weak energy condition violation. In a general spacetime it is difficult to specify what one means by faster-than-light travel, and I give an example of a metric which appears to allow superluminal travel, but in fact is just flat space. However, if one starts from Minkowski space, and makes a local modification, then the problem is well-defined. In this case I prove that the spacetime must either contain a singularity or violate the weak energy condition.
It is well known that a connection exists between superluminal travel and travel in time.
If some arrangement, such as a tube [1, 2] or a moving bubble [3] , allows travel between points which would otherwise be spacelike separated, a boosted version of this arrangement would allow travel between distant points at the same time. If two such arrangements could be placed adjacent so as to allow travel in both directions between these points, then we would have a closed timelike curve. Since the creation of closed timelike curves in a compact region [4] [5] [6] requires weak energy condition (WEC) violation (or the appearance of a singularity) then one might expect that a superluminal travel arrangement would also involve this violation. In fact, all such arrangements which have been proposed do involve violations of WEC [2, 7] . In this letter, I discuss the question of what exactly constitutes superluminal travel and prove in a very simple case that WEC must in fact be violated.
In general, it is hard to specify what superluminal travel means. The general idea is that some modification of the metric allows signals to propagate between two spacetime points that otherwise would be causally disconnected. However, it may not always be easy to distinguish such superluminal travel from a situation in which the supposedly distant object has been brought nearby, so that travel at ordinary speeds allows one to reach it in a short time.
As a concrete example consider a spacetime with metric
in the region −1 < t < 1. Null rays in this metric have
and, for example, a right-going null geodesic from the origin has x = t/(1 − t 2 ) as shown in Fig. 1 . It would appear that this metric allows superluminal travel. Starting from the origin one can reach points at arbitrarily large x in time t < 1. If the earth were fixed at The modification is localized between x 1 and x 2 and after t 0 . Because of this modification, there is a causal path P connecting (t 1 , x 1 ) to (t 2 , x 2 ), even though x 2 − x 1 > t 2 − t 1 .
x = 0 and a distant star at x = 1, we could travel from the earth at t = 0 to the star in time (1 + √ 5)/2 ≈ 0.618. However, this metric has nothing to do with superluminal travel. It is just flat space with an odd choice of coordinates: if we let x ′ = x(1 − t 2 ) the metric becomes ds 2 = −dt 2 + dx ′2 . The star which is "fixed" at x = 1 is in fact traveling on a path which brings it closer to the earth. The motion of the destination, rather than any superluminal travel, is what reduces the time to reach the star.
The point of this example is that just examining a metric may not easily reveal whether it would be reasonable to regard the spacetime as containing superluminal travel. One must have some idea how to distinguish bringing a place closer from establishing an arrangement which allows one to travel there more quickly.
A simple way to avoid these issues is to require that the spacetime be flat except for a localized region not including the points between which one wishes to travel. Then there is no question about the distance between the two points, because they lie in a single region of Minkowski space. An example is shown in Fig. 2 . The flat metric has been modified in such a way that there is a causal path P from (t 1 , x 1 ) to (t 2 , x 2 ) even though x 2 − x 1 > t 2 − t 1 . Since there is a connected region of Minkowski space which includes (t 1 , x 1 ) and (t 2 , x 2 ), it is well-defined to say that the interval between these points would be spacelike without the modification to the metric.
We now show that such a situation must violate WEC (or contain a singularity). Let S be a spacetime that is flat except for a region with t > t 0 , x ∈ [x 1 , x 2 ], y ∈ [y 1 , y 2 ], and z ∈ [z 1 , z 2 ], and suppose there is a causal path P that connects points (t 1 , x 1 , y 0 , z 0 ) and (t 2 , x 2 , y 0 , z 0 ) with t 2 − t 1 < x 2 − x 1 . Suppose also that S contains no singularities and that the modified region of S obeys the generic condition [8] . Let ∆t = t 2 − t 1 . Consider a new spacetime S ′ which consists of the portion of S between x 1 and x 2 with the same metric as S, and with points (t, x 1 , y, z) and (t + ∆t, x 2 , y, z) identified for each t, y, and z. In S ′ , the path P is a closed causal curve. However, causal paths that travel only through the unmodified spacetime cannot be closed, because ∆t < x 2 − x 1 . In particular no point with t < t 0 − ∆t can be on a closed causal path. So there is a Cauchy horizon in S ′ in the future of the surface t = t 0 − ∆t and in the past of (or at) the path P . If S has no singularities, than S ′ will not have any either. Thus by Tipler's and Hawking's theorems [4] [5] [6] , WEC must be violated somewhere in S ′ . Since WEC is a local condition, it must also be violated at the corresponding point of S.
Note, however, that the place where WEC is violated might not be in the past of P in S, before the identification is made. We might have a situation akin to that described by Ori and Soen [9] [10] [11] , where the weak energy condition violation is far away from the place where a closed null geodesic appears. In S ′ , the Cauchy horizon would have to arise from the area of WEC violation, which would thus be in the past of P , but in S this might not be the case.
Instead of using the present technique, one could try to prove the same result by juxtaposing two superluminal travel tubes to create closed timelike curves. However, this attempt might fail if the areas of modified metric were too wide to fit close to one another. In such a case the trip from the exit of one tube to the entrance of the other might take longer than the time that could be gained from the round trip. Identifying surfaces in the spacetime avoids any such difficulties.
Can this argument be extended to a more general spacetime? First one would have to decide what one means by superluminal travel in such a case. Then one would have to find surfaces to identify. The surfaces must fit together under the identification without introducing any extra curvature. In unmodified regions of Minkowski space this is easy to do, but in general it could be problematic.
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